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Introduction
Recent research indicates that immersive virtual reality (VR) can be used as a tool in treating acute pain [9, 22, 24] . For example, VR-based behavioral interventions have been used to decrease acute pain among individuals undergoing painful medical procedures (eg, wound cleaning of burn injuries [9,13,14,21], urological endoscopies [35]), physical therapy (eg, for blunt force trauma [15] , for burned skin [11, 12] ), dental pain [5,10], and experimental pain in healthy volunteers (eg, thermal pain) [16, 17] . Although these data suggest that VR holds promise as a tool to help reduce acute pain, there has been limited investigation on the use of VR in the treatment of patients with persistent pain.
The purpose of this topical review is to identify and highlight ways in which VR can be used either alone or in combination with other treatments for persistent pain. The review is divided into 3 parts. First, we briefly describe VR methods currently used in the management of acute pain. Second, we discuss several potential applications of VR as a behavioral intervention for persistent pain. Third, we highlight important future directions for research in this area.
VR for acute pain: previous research
VR-based behavioral interventions have been used in acute pain management for over a decade [11] . VR-based interventions often have been developed as an adjunctive intervention designed to distract patients from acute pain that has not responded to conventional approaches,such as opioid medications [9,12,13,21]. The rationale for the use of VR-based distraction for acute pain is that because pain requires conscious attention, VR draws attention into the computer-generated world, leaving less attention available to process incoming pain signals.
In most VR approaches to acute pain management, an immersive virtual environment is selected that is likely to divert attention away from acute pain, such as SnowWorld [9, 21] . In SnowWorld, patients can use a computer mouse to maneuver around and interact with (eg, by throwing snowballs at snowmen, penguins, and wooly mammoths) a snow-covered virtual environment while listening to music. Display devices that can be used to display virtual environments used in distraction interventions can range in complexity and cost, from fully immersive environments, such as SnowWorld, displayed in a wide field of view with a high-resolution, head-mounted display on the high end, to desktop computers that use inexpensive polarized or shutter glasses in combination with stereoscopic projectors or large 3-D monitors.
Potential applications of VR to persistent pain

VR for distraction
Distraction methods such as counting strategies, visual distraction, and audio distraction are components of many cognitivebehavioral therapy protocols for chronic pain [19, 33] . The question arises: under what conditions might VR prove particularly useful
